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International Atomic Energy Agency
r -

ejizifel clcivitigs &
- ‘{ Aty orINonIEoliierationi(and additional protocole) :
. accepted (ziridl Uiz tiended)i.

| } > LDaragr Piversien irempCivilrFuellCycles to Weapons Programs
o Fissile MaieraiNi=l; enriched U)

> Many places lerconrel alifareund the world :

‘ enrchmentunitsynuclear fuel factories, power and research reactors,
reprocessingrlnits,; storage waste...

< Standard methods used

> mostly checks offinput/ouput declarations
> sampling and analysis (y-spectroscopy, isotopic content)
» no direct Pu inventory made at the production place, neither power
<+ Seeking for new tools to perform future controls on increasing
number of installations : ask physicists

September 25, 2006 Michel Cribier




i

-
PRYSICS Basis

»

2llewingfmonitoring




) . o _ -
SUIgEU NS RISSION
2= 100rens 5:656 <210196.5506 °

238 239 23min 239 23d 239
U +n—>"U o3 1NP o PU

B

Evolution of the fresh fuel

10° 4
108 4 i
§_ J m—J235
8 105 A
é — 235U
Z Fission fragments from 23°Puy
. Moos heavier in the light hump
<®>=710"n/cm’ s
th:33%;ep:0.5%;ra:42% [

" 200 400 600 800 1000 1200

Irradiation time (days) 235

239py

Grow up of 2°°Pu during operation
» =200 kg of Pu/y/reactor

239Pu contribute to energy .
production 0

IIlllllllllllllllllllllIII]I|||I|I||I|I|III

1 YOO TR TR AN TR S N N N
160 180 200

(<]
o

September 25, 2006 Michel Cribier

4/23



neutrinos/MeV/fission
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. chedil
» 23U = 3.45% : 3.60 tons
205 TUEIRassEmly,
~ 264 ro assembly
> 272 "pastilles”™ perods
> 8 g per "pastilles” -
Loading/unloadi%

> by quarter

> every 8 monthserd2 7
Yearly elect. enengy.

> 4.710J=13 TW.h

> 34.4 % efficiency (th->el.)
Nominal energy: extracted fromifuel

> = 3.89 10"° J/tons*

* tons of enriched Uranium
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» =~ 45 m deep shaft
% g cavern
% overburden =

% 1O be built In
cooperation with EDF

% ready in 2009

80 mwe
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Acrylic Gamma
catcher vessel

(Inner radius = 1,696m

InnerH=3,55m
t=12mm)

Muons VETO
(shield)

Inner radius = 3,471m

Thickness =
170mm

Detector layout

| CEA - DAPNIA/SIS
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Acrylic Target
vessel : 10.3 m3

(Inner radius =1,15m-
H=2,474m L
t =8mm)

Stainless steel
Buffer

(Inner radius = 2,758m
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+» Gd-co rpouncl f
. Gd-CBX #stabilizers
> Gd-DPW

< Test with 100! liters
mock-up

< Production into pre-
Industrial phase
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<+ Modest variations within

target volume

< Good energy
reconstruction
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UEdueced background

-

% [Fast neutrons + u-capture
. Geant + Fluka

P > Reliable : reproduce old Chooz bkg
rate

> rate @ near det. < 6/d
% Accidental
> single from PMTs
> neutron from p cosmique
> rate @ near det. < 15/d
% Cosmogenic °Li
> rate @ neardet. : 5.3 +3.2/d

> 990 v, per day
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ANIIGHISIAStIC experiment

e I B - Target : 10.3 m?
A e R e 8 . Detect. offic. - 80%
I __________________ __________________ __________________ __________________ ___________________ __________________ __________________ __________________ ________________ d . Dead time 300/0
__________________ __________________ __________________ __________________ __________________ __________________ __________________ ________________ i o Rate - eff : 554 /d

N {500 keV bins)

% 3 years of data taking
B __________________ o __________________ . o __________________ o ________________ _ 157 000 evis/years
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HIENeomposItionfiiom v recording ?

neutrinos/MeV/fission

Visible Energy in MeV

|j 1 Illlluj 1 IIIIIIIi 1 Illllui 1 Illlluj 1 Il:

4 A differernt épeétrurﬁ |
by fissile isotope

< Fit the positron spectrum
> % 230U, 2°Pu,...as free parameters
» use known different shapes (paramet.)
> possible but modest precision = 10 % %*°Pu content

< Need to reduce errors (1/3) on v spectrum to achieve

E;I ' ] '
—LF IIIIIIIE E E E E -

c 1 2 3 4 5 6 7 8 9 10

Energy (MeV)

few % precision on Pu,
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A COULfIE iehensive effort

PrEGiSE VASPEGHUMIVSHissieelement (235U, 239Pu) :
SighIStEnSIEAVItIBEIBIE Chiooz (near) : 1.6x10° v detected per year
ScomelauenMWitiNUE fcomposition, with thermal power
/J\r [east aiva Iﬂqle .at?

,, ﬁ-'” [tlorls of e fu avelution

~ USSE @ MURE | ierface MCNP (statici reactor code)
| zif)e evolutlon code

> include drveur Scenarios : predict neutrino signature

% Critical evallation|or decays spectrum from fission products

> concentrate on hlgh energy tails

- |large Uncentainties due to multiple
excited states

- place to discriminate 255Ul vs 23°Pu
fissions most clearly

<+ New experimental program at [LL* |
» Lohengrin spectrometer
>

September 25, 2006 Michel Cribier * Institut Laue-Langevin (Grenoble)
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199 s9gfljsticzlisd ""j - prOtOtype of
EXPENEIVE monitor

Songs approach
weak v signature
not enough rejection of background
robust, simple operation
automatic
cheap
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Conclusion

2~ Datiglg Crigez fo; 13*
constiictionorfaraetector will begin next spring
- animpressivelyssirong collaboration
zNonproliferation activities within Double Chooz
> embedded since the beginning

> Induce specliiic developments
- neutrino spectrum; (simulation and measurements)

- thermal poewer prototype
» attract specifically several groups
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WhEISHtE precision required ?

S UERSHIE SChWELZ, hep-ph/0407076,
I2IECISIONIRSPECIIOSCoPY/ With, reactor antineutrinos

Improve flux determ. ye e
number of events
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Cumulative plot

235U
— 239P u

> :)ckenbach zlf. @(1989) 325-330

IVIeN520% aticHVieVs)

- C BEmporadienali =R 4(2002)
- " 25% ofhighlen part due to

experimentally Unknown exotc 0003000 3000 4066~ $006 40067008 " $000
neutren Ucles Energie (keV)

Role of the excitedievels

> Simulatieni: identification; off unknown
nucleil of interest': /e Q, approx
contributors, and/er discriminating I Exp. data Rudstam et al. 1992

235U/239PU) _ BR to endpoints ENSDF
> Build exact spectrum Half life: 75.3s 2

> Include type of transition 1+ :98.1%
allowed/forbidden
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T TTTTT]
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500 1000 1500 2000 2500 3000 3500
energy (keV)
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—e U-235
a—a Np-238
* Pu-239
Am-242m
v—v Cm-245
C1-249

Lohengrin data

120
Mass (amu)

Use of the LOHENGRIN (PN1)
online mass spectrometer for
unslowed fission products :
separates neutron-rich nuclei
far from stability
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fitut Laue-Langevin High Flux Reactor

(6renoble)

Neutron flux ~5.101% n cm-2 s-!

Fission rate ~ 102 fissions/s at target

~ 300 1325n/s at focal point

Fission yields depend on target (Np to Cf)

Tons are separated according

. Focal point to their A/q values

!
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i | Refocussing magnet (count rate X 7)
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